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1 Introduction

In recent RAN4 meetings, the LTE450 (Band 31) was introduced into TS 36.101. For RRM/RLM parts, a wayforward was agreed in R4-133038, and the necessary RRM/RLM tests shall be considered in 36.133. Since radio link monitoring is the basic function for the UE to evaluate the downlink radio link quality of the serving cell, it’s a quite important feature for the UE. Currently, in 36.133 Section 7, the requirements are defined as (take out-of-sync for example)
	Attribute
	Value

	DCI format
	1A

	Number of control OFDM symbols


	2; Bandwidth ( 10 MHz

3; 3 MHz ( Bandwidth ( 5 MHz

4; Bandwidth = 1.4 MHz

	Aggregation level (CCE)
	4; Bandwidth = 1.4 MHz

8; Bandwidth ( 3 MHz

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB; when single antenna port is used for cell-specific reference signal transmission by the PCell.
1 dB: when two or four antenna ports are used for cell-specific reference signal transmission by the PCell.

	Note 1:
DCI format 1A is defined in section 5.3.3.1.3 in 3GPP TS 36.212 [21].

Note 2:
A hypothetical PCFICH transmission corresponding to the number of control symbols shall be assumed.


We can see that the number of control OFDM symbol is different for 5MHz and 10MHz case. And in current RLM test, only 10MHz case is defined. Therefore, for the single band UE, the RLM test on 5MHz needs to be introduced.
In last RAN4 #67AH meeting, the draft CRs for both out-of-sync and in-sync RLM tests were endorsed [2]-[3], and the only issues were the undetermined SNR values in the corresponding tests. 

In this contribution, we give the simulation results on RLM of 5MHz, and compared the simulation results in R8. Based on the simulation results, we proposed the methodology for deriving the SNR values in RLM tests. 
2 Simulation Assumptions
Based on the agreed wayforward [4] in RAN4 #67AH meeting, the simulation parameters can be listed in Table 1.
Table 1. Simulation Parameters for RLM in single cell for 5MHz
	Parameter
	Value

	Transmission mode
	TM2

	PCFICH/PDCCH/PHICH parameters
	R.11 FDD
This channel is newly defined in [5] 

	OCNG parameters
	OP.16 FDD 
This OCNG pattern is newly defined in [6]

	CP length 
	Normal 

	E-UTRA Channel Bandwidth (BWchannel)
	5 MHz

	Correlation Matrix and Antenna Configuration
	2x2 Low 

	Propagation channel
	ETU 70 Hz

	DRX
	OFF

	Periodic CQI reporting mode
	PUCCH 1-0

	CQI reporting periodicity
	2 ms

	SNR
	SNR range: [-14:1:1] dB

	Out of sync transmission parameters (Note 1)
	DCI format
	1A
As defined in clause 5.3.3.1.3 in TS 36.212

	
	Number of Control OFDM symbols
	3

	
	Aggregation level 
	8 CCE

	
	((((((
	-3 dB

	
	PCFICH_RB
	1 dB

	
	PDCCH_RA
	1 dB

	
	PDCCH_RB
	1 dB

	
	Verification Point
	10%

	In sync transmission parameters (Note 1)
	DCI format
	1C
As defined in clause 5.3.3.1.4 in TS 36.212

	
	Number of Control OFDM symbols
	3

	
	Aggregation level 
	4 CCE

	
	((((((
	-3 dB

	
	PCFICH_RB
	1 dB

	
	PDCCH_RA
	-3 dB

	
	PDCCH_RB
	-3 dB

	
	Verification Point
	2%

	PBCH_RA
	-3 dB

	PBCH_RB
	

	PSS_RA
	

	SSS_RA
	

	PHICH_RA
	

	PHICH_RB
	

	PDSCH_RA
	

	PDSCH_RB
	

	OCNG_RA
	

	OCNG_RB
	

	Tx EVM
	6% in both alignment and impairment simulations

	Noc at antenna port
	-98 dBm

	Note 1:  PDCCH/PCFICH corresponding to the in-sync and out of sync transmission parameters need not be included in the Reference Measurement Channel.


3 Simulation Results
The 1A/1C performance can be shown in Figure 1.
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Figure 1. The RLM performance for 1A and 1C in 5MHz

Based on the simulation results, the 1A and 1C curves achieve quite approaching curves with the R8 results. The comparisons can be shown in Table 2.

Table 2. The 1A and 1C curves comparisons with 10MHz and 5MHz
	
	10MHz
	5MHz

	Qout
	-10dB
	-9.6dB

	Qin
	-5dB
	-4.8dB


It can be seen that, the difference between 10MHz and 5MHz is quite limited, within 0.5dB. Therefore, the SNR threshold in 10MHz can be reused for 5MHz RLM tests.
Proposal 1: Due to the limited performance difference between 10MHz and 5MHz, the same SNR deriving margin and the same SNR values in 10MHz bandwidth RLM tests of Rel-8 can be reused for RLM test for 5MHz bandwidth.

Proposal 2: The SNR1-SNR3 values for out-of-sync RLM tests under ETU70 of 5MHz are proposed as -2.3dB, -6.2dB, -12.2dB.

Proposal 3: The SNR1-SNR5 values for in-sync RLM tests under ETU70 of 5MHz are proposed as -2.3dB, -6.2dB, -12.2dB, -7.3dB, -2.3dB.

4 Conclusion
In this contribution, we give the simulation results on RLM of 5MHz. Based on the simulation results, we can obtain the following proposal:

Proposal 1: Due to the limited performance difference between 10MHz and 5MHz, the same SNR deriving margin and the same SNR values in 10MHz bandwidth RLM tests of Rel-8 can be reused for RLM test for 5MHz bandwidth.

Proposal 2: The SNR1-SNR3 values for out-of-sync RLM tests under ETU70 of 5MHz are proposed as -2.3dB, -6.2dB, -12.2dB.

Proposal 3: The SNR1-SNR5 values for in-sync RLM tests under ETU70 of 5MHz are proposed as -2.3dB, -6.2dB, -12.2dB, -7.3dB, -2.3dB.
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